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Numerical simulations are reliable and effi-
cient means of fundamental research of plasmas 
and materials in fusion and condensed matter 
studies. Two kinds of molecular dynamics (MD) 
codes of different classes have either been de-
veloped or under development. The author's 
particle-mesh Ewald MD code for periodic sys-
tems has been refined under collaboration with 
the Max-Planck Institut fur Polymerforschung 
(Mainz). Second, the first-principle MD code 
with quantum mechanical effects is to be imple-
mented, which started in FY 1999. 
1. Particle-Mesh Ewald MD Code 
To treat strong Coulomb forces between 
nearby particles accurately, direct sums of the 
forces over individual charges are inevitable, un-
like the use of spatial grids -for gas plasmas. 
However, this causes a large problem in peri-
odic systems, since the direct sums involve al-
most infinite number of particles due to charge 
images and long-range nature of the Coulomb 
force. In order to overcome this difficulty, the 
Coulomb forces are divided into the short-range 
part and the rest, and only the short-range part 
is summed directly while the rest is calculated 
with the use of grids and FFT (fast Fourier 
transform) . 
Author's particle-mesh Ewald code [1] has 
been combined with MPIP's particle-mesh-
particle code [2] to have more accuracy in the 
periodic Coulomb field calculations. Fig.1 shows 
the MD results for a strongly coupled system 
consisting of non-neutral strings (denoted by 
spheres) and neutralizing counterions (trian-
gles ). 
2. First-Principle MD Code 
To include the effects of chemical reactions, 
dislocations, particle splitting and recombina-
tion that occur in molecules and materials, it 
is necessary to incorporate electronic structures 
in MD simulations [3]. The adopted method is 
known as the Car-Parrinello method, which is 
based on the density functional theory and has 
successfully been applied to atoms, molecules 
and solid state materials. The beauty of the 
method lies in introduction of the electronic 
density functional for the Kohn-Sham equation 
instead of solving the bare Schrodinger equation 
for the full electron system, whose information is 
used in ab initio MD simulations. The essence is 
to minimize the energy functional with respect 
to Wi(r), 
E[{Wd, {RJ }, {av }] = L; In d3r 
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where electron density is given by n(r) = 
L:i Iwi (r)1 2 , and RJ the nuclear coordinate and 
a v the constraints. Now, author's efforts for 
choosing target areas of applications and devel-
opment of the density functional MD code are 
intensively in progress. 
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Fig.l: Simulation result obtained by particle-
mesh-particle MD code for the periodic system 
of Coulombic condensed matter. 
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